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CLASS NOTES 


CHAPTER 5 


SEMICONDUCTDIE DIoDES Sul 


The diode i$ a non Linear device. Tt has a non Laer 
4-V chara ceri stye. 

It exhibit a behavio which is dependent on (he directroa 
of fhe applied ve (fade. . 
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: Rapid analysis 
i af kaden | Ste 
drodes 
(we fine-tune the 
Am analysts lader ) 


if a negative velfage fs applied fe the diode , ne 
current flows and The diode behaves Like an peu 

a C., l - 

5 Wee opecated in the reverse divection (reverse brased ) 
iS soid to be Cc! OFF. 


af 


lf a pesi hive voltage Ze applied the jdeat diode a 
Like a Short cercet E and current flows Zuang d ʻE. 


A diode eperated ia The forward derectioa (| forward 








~ biased ) ' Sad fo be ov. 


Ll's se a couple of mlèresting ん の グマ we could 
USE a ataut element with such a behavior: 
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Diode current-voltage chara の eZ sire 


Theoretical analysis ef 4 pr junction resid fs 
in the following イー relahoushp : 


v [^ Vr 


nate 0 


at reom femper ature 
- thermal voltage i 


27°C (= 32K) the 


Vr = KT 
q value af Vr-26mV 


k- Bolt? mauns constant z J. SEX p joudes | kelvin 
T = Temperature in Kelvin = 273 + temperature in °C 


m ‘fu ! E 
1 du de of electron charge = h6 «Jo E 
Y = mpi ical sealing constant = exponential doeg factor 


Ls = saturation curent 


d 


U 


ク has a ‘value between. scs. Jt depends on the 
material (type of s€micouductor used and the 


doping )- 
A al ne will assume à =/ unless other SC 


speci fred. 

Ls is Sometime called schle factor. Fals becouse 

it rs dorsch ly propor Ponad To {he Cross- sechNouak area. 4 
of fhe eode. . Thus dom bling The junction area 
(sults jn a trode w Yh double tue value of Ls aud 





As the drode aaa : 7 の の Co とく , double ‘the value. 
E M Current た 

The value of Ts P of the airot A 
IS a very strong functon of (de md 


"ub he wee” 


The paca meter ^) Can he dedèrna ned frou the m 
exponeefia/ yature of The velt-ampere characlensne : 


T Ur Si 3 
laa t, = log Ls + C, q3 Up 2 17 e の - 436 
"4 d lo ? V 


fl plot ef Log Uy versus Jp results M A skacght Une. 
of slope P2434 fom whith Y fs oblaned. 
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Ve 


Breakdown : J Reverse. 


2 の forward bras region 


SE e U eg Reverse bras reg ron 
<-Vz breakdown region 


Lode operation regions 
Goos opecanon Ge 


5.3 





A glance at fhe iu charaderístc in the forward 


region reveals that af oom Temperature fhe. 
negugi oly. Small fer U- smaller Than 


is usually referred as ceT-m voltage | 


Cuvvenl rs 
About Q Li 
プク で value D 


dis threshold voltage j 
ve iiid Values A fhe threshold voltage (at room tempera tere) 
ar ffeceul Commonly used seunriconude ANS AEs 


Silicon > と = ve Le 


Germanium こう Ya a2 


gallium arsenide —> Vi = ん っ 2 ビ 


lf we opecale al Rom femperadire and apply forward 
voltage s WE can (Ea Soa bl — ASSume _ fhal ; 


doa Vr freche 
l= de (e se od Ave < © 
of V ord 
e : > | peg 
"d 


UN. 


/0- € -> velo) Vr = 2.30-26 V % S2mV 


For vella 9 
APRO nad e と by a 
fo o. 


less than n the curve can he 
dal? Ane 


Of slope lose 


Since the Slope (Ar dau js Yhe Conductance. 
thet means that the conduclance TS very smal 
in this région =p the resistance rs uid lagh 


Fo voltages above Vy 





the curve can be approx male 
bj a Shaft Gne with a 





3 | ga large Slope . 
Conductance js therefore very large =p Che 
Equivalent resiSlene FS very Small 
At 
ES ( »/% Vr 4 ( "7 
= イム = al ES e E = Le と = 
_ __dnfaVr 
= S 
(Als 
— alr "E 
A の イム S "e Je € を Lei: 
"ad " クレ ia 
= t+ ls 
タク 
G-L z y Vr ォ ー DINAMIC 


る と 
Usna ll not all the voltage applied af tn d'ode. 
feyminals appears at The PNM Junction 


thee js a smalt drap due To the ohmic 
contact resistance between the metallic terminals 


and tne SEM conductor 


LODE 
A+ Contat €- AC ie 


Anode lr ly R I- 


Forward dyna mic resistance 


ry = 7 bl Vr 
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Cp >> Te 


ke verse Region 
The reverse bras region rs entered when Me dode 
voltage U^  /S made an ve 。 
Lf VAS negadive and fev mes fanger Man LG 
In magnitude The erponenhal Herm becomes 
nega Gr bly Small Compared- To の イク And we 
の の CA go AA ly ur Fe Pal: 
Ur 
DEED ( e€ aj ) ー ds 


Jn Vr 
€ << | 


ーー ひい 


BU. 
This mean that; 

€ concent A pEVEZ pe direchoy Ps 
Approx m adt et, Con Sanl auc Gei ad Vo Ls 
— this Con Sfan og TS She / ど 2 くら gg Leland Le 
hame Satura の らら current. 


4 
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V. レン Reverse dy oca て 
ce fe Sig tz 
ft Le T 
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D.S 


Breakdown reglon 

Prt breakdown region fs entered when the mapnifude 

of the reverse. vellaoe. exceed a eeben dd value 

Coded the breakdown voltage ae The Zener knee 

voltage . 

an the breakdown region Fhe reverse ceyrent mn creases 

pidi with a vent smal merease rh Ye 4Aslocenled 

volta ee, 

The breakdown wifrnge js さら らら の re cotled the 

peak Inverse voltage. (Piv) m manufacturer S 

spec fication ei S. 

At breakdown The fs an avalanche of electus which 
AHOSS fla Junedou with Aa resul& that 

fh. diode over heate. 

The large current can des Nog. part of the diode 

(Yr porhon thal overheats ), 

Provided thaT pr power dspatled A Tia d'ode 

PS limited by extemal cerei try- To a Safe level 

( "Sall provided on Hu data sheels ) breakdown 

Won't be deskructyve., 
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Var = Vz 





JETIPERATVRE EFFECTS 
The diode characterise has 2 Ys, レ and ds 





E 
Winch are heavily dependent en リン プン ン ン ジア / グ チズ ニ 
し = KT a. / 

q 6 

| ESO Ww Mt Con TQins again 

I; = an 2e + ra ) uid As through Erasfein 
A Np Lp Na en Geer 
L = diffusion length = Mos 


K Mmory Earr rer 
life tw e. . 
(before recombination ) 


for silicon Le Merease appre ximalély ish, pec TC 


CK; = 65 2 —R or in other tems Le doubles every p ra 
€ Lis e (Tai) [5 
ーー シィ + ® | ls 1; (er e 
0.15 | 
"P | の の あの ーー o. Ge TOf 
S. (e な ) = Je (@T ) € c Í ) = PA (eT: je 


ーー 一 


L have Cl value and SS wel iF Teo become | ^S Himes 
bijge every fame I add a «c 

/ need Some mechanism thal Kansen an adde Eat 
Moa maltiph capon 


ag tt " A. At 


— 


= /./5 
L Ge pO? qo の , iS 


are y Voto Ups 


S6 
fs T. jnoreases in order Pam mantain a constant 
value Æ LT voltage must be (duced, For silicon 


AV 4. 2 
a モーグ ジ O ye 
T m / 


T> 2 


x 
Z = fe — fep hs X 
aL hz Leg, 2. 
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DIODE CONSTRUCTION 


Semiconductor diodes are formed by a pn jundiou 


The semiconductor ma recto € commonly used are ; 

de Awww Silicon, and ga Hi uma a4 Sena de. , 

(Gais rs patieutartgy used in microwave appuced ous , 
photo-detecth’on aud laser trodes ) 


The unbiased pn juuch ou 
GH 





4+ majori ty holes " majority free deou s 


lh the p-type material for simplicity act nol shown 
the... negahuve Charges Ct equal amounl fa Hu hous) — — 
— A*5sotvaAed with the Aom Hd acceptor eto va e 


A^ V CH euer? fa me lectons generated by 
The f£ v^ ad 044 fe, Kon , 





A Td 
Srm: larly in the n-type malerial are nol Shows 


Pe posi hve charges aSsoctaded wth Pla ianed 
nag aÂ om s Amd. Misa ha fori ty fro les pen crated. 
wal on TEN Hou ] 


DIFFUSION CURREWT 


し TR the Con een Tra Kou of holes rs hugh du Aar 
= régi ow Cd flow wm thi n-region , holes 
diffuse across the jun cou from Ti. P Sida. 
to Jie A Side 


Simi low ly the electrous diffar across fta junction 
m fle ん side Yo the. p Side 
d 
These fwo componenls add を zzZ to fou a 
ffusion cuvvent Ipp Whose drrection cs from 
he p side fe He n side 
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p= MA EE E 
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3 q iid pem 
. と ~ 10 Ni 
n= fu ~ JO ee Ps /Mp 
{Va 2c 
(の 
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DEPLETION REMON 


i 


The holes thal dt fuge 4 6 で ら 9 ぐ tha junchou into the 
h region will ee て a high concentration of 
Ce ンク s SO ‘They qua Ky ré Co va binne ahi sappeariag 
from tha SC 用 を , 


Thu ele の Yo みく Jot defin se across thr junchon ti Lo 
E waon — will guck ly Rlowbin with 
Some of numerous holes 


presenT on The 
P Side j thus 


dise ppear fom di sune. 
fis result tme will be; a {fion dose Te fu. 
jun e Koun (on the y) Side ) mal rs depleted of 
free ede onc 

posi Ave Charge 


am d. 


amd Ccontatnge | Lun covéce d bouw d- 


A rtg ion Uloge To Hau junchou (ou Hu p side ) Had 
1S deplete d ef holes and Con toi wing un covere cL 
bound gotive charge 


t follow rel a spauccharge region forms Te 
Poxi was ty of are jo ctio : 


The Cheats on boy side of Jin dep le Hou pion 
Ce Space charge region ) 


ee 


couse An electric Freid 
1? be esta bb'shid actress Hau OR a 
Chenu a ` beleeft ai differern result across 

Te FRI ou wi the 


^ side at pes: Hive 
vol tz. ge lab ve 1v Thy p Side ) 


5.8 

The tesulthiag electric fidd apposes A JA sion 
OL holes fate thy n egion Aud electrous pa 
Tha (on 

P re ] ` 
Tha ve [ta ge drop across Fha dep ke fou tegron ads 
AS 4 barrier thal has te he overcome 
hol € to di ffase into ZN A rep let amd 2 と cfYo ら て 
Tos de mfo Ha p region, 





Gauss’ law - 
den E 
dx DE 


ge q (pn Hf - Ma) 
The  - depou As (E 
iS free of efectrous and holes 
ルム — Ma >> P-n 


O on the P side | M ne 


ey _ 28 
of x E 


$9 (h^) 





の fen Side: Ma=2 





dE däm 
d i Es; 


which ‘plolled . gives. | Pa ) 
S 





の on tne D- side 








Ex (x) kia 
Na 
Kë d Ex K : A dw 
Ex (xp) Se. map 
| — — Gly, 
Ex (x) = Ey (-xp) = TIR (x + ap) 
Ve NY Ec. 
bound ot 
SC harge region 
E) e - 17. (utup) 
$c 


5.4 





Së Ma 
Cl Emax = e 
St 
(e on the b-side 
E (xà) Xf 
Es; : 


と /zx ) 


€ (xp) ー E(x) ー a (Xn- x ) 








ヘー Sc 
ん 
の 
E -IMa EX 
E (x) = rae SG ) 
N 
Ex (0) = ae = UTE = "P 
E 
Thus: 
= — 4 /VA 
Ex (o) = E max ES MM Xp = ` <p 
^ Esc Es; 
held at fhe 
ソ ctio, 


d 





Since usual 
CS ii 
Na > My 


Tha wi の アム of thr kon rta; 
(OH will nct be SQ me 
On the 2 Sides. "7 7 Ve i 





Keca lling how poe n fat aan oL. Cleciric feld are 
related 








od 
E o tb. ~p drz bp 
dx 
| 
| | 
| 
| 
| U(x) 
| 
| 
| 
X 
ON Xp 7 
Er 
Ev F 


( area heroungle 
<> 
Emax の Xp ) 


A= 


Caren triangle 0 Emax Xn 
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Junction buitt - voltage 





L gleo xe L | 
7 Se f i N l 
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Éecalliag TAS 
X 
p 
Mx, = Mxp — di MP 
b 


Xdep = B. 
uide CaL ME T 


d 














Xp = Xdlep m. 
Np + IA 
Xn 2 X VE 
M+ 
reas | WIDTH 
: | ae /D 
- | Na Ns 5 み oe OF THE 
"s DEPLETION 
RE 
lg - "a MM, | e - の n 
max | = / x Mat Mp : 
p N 








As Arta dy noticed sine a $5 A lly ft. dop rag 
levels are not equal め ザム D aad ^ maflerials 
Th. widtt, of th. depu on myron will nat be 

thr Same on Th. Ave sides 

—2 in nde To un cover fue Same Amours of charye 
thao depu Fon lager will ex72zo/ deeper indo the 
more äm doped mariat. 


ACCEPTURS 」 Dork s 
m" 86 |QOO 
Cu gn eo eec! 


Across the Jun chon : Mot 

l^ addi on la Ha Current com の らら らら て LDIFF due lo 
The Foe ray CONTI tf diffu sron there (sas wel a 
lov ponend dae Yo minori ty carrer s. 
Specifically some of ja Theresa lly gerecated 
holes in ha n maderraf kavel Hrouph fire 

A material to tre edge of Ha deple Nou SE à 
There They experience Pt. electric freta 

in fh dep le fou region , ムン の と の "E fleur 

の の の / ら se frat region nto Ta p Side. 





ーー Slwilechy some of the Hamaly generaled free — 


deofvons n tee p materiah reach tn edpe 

of Hu deple hou M gio and qu. swept by the 
Cectric bad e^ Wn dep tou TO, ou oam zg Theod 
region into the W-Side | 


5. 
curent i 


These Two J com po muls elections moved by drift fron 
p Yo a 

Qud holes moved by dri ft fom Nb P 

Add together Jo form à drift currend Ze, whose 
direction is frown Ha W side to fee f Side 


Under the open- Great condi Dou no cumenl exists 
S the two epo site currenls across Thu 
June hou must he egual 


Cc 
Amer = is 


… dof 
イィ ーーーー ds 
| PC! | N 
] 
ae デレ ーー マリ 
Ax 
Jzdp- Jus e — 
Je = 9 He P C. 一 dE ー の dl 
dn _ © (z) 





Ja dan Ex + 4 Pp 


dx 







Sch bau of the adi flere nti al eg. (i ) iS: of the 
veirel EE 
の 6 うり = pee な だ T/ ダ Cie e 
ーー vx) v t(x'? ARE 
n(x)= n(x') a UN 
SEE HANDOUT HF 


J 








S 772 
PI SUPPE " 
n(m) = と を ) e FI? 
Xo + oe 
ple) nm n (400) © Np 
d Ed 
nol = pr p (toc) RW 
/ subsh カッ カク DD (€) 
Pe 
> Qe 
Ny = E e KI us Wi 8 の n 


BUILT /AJ 
プ VOLTA gE 





Typically Jn SiL ion al oom Teu peralure d i8 tu 


14 
We Meel 0.6 > Og V "ës Z6 mV. dn 41077 jo KK 
NOTE di is pot Vy 7/ / CN 


Siz 
Wen the pn junction feminal are lft apen- circufeg 
The voltage measured between them will he zero / 
Thal means fuat Hu wltupe $, across Th. depletie 
region dees not Apel behween Tw dode ferm, nals 
Vhs FS because BE The, copper volfnges GE E 
at du. metal - semi condudor Junctions at th. 


do de Tere ade that couutlèr- balane TL 
barrier Se . í 





_ The BIASED GA Juncfiou 





Er Gd keep decreasing he voltage foo much 
Cventuallg T'U reach a breakdown sifnafou 

( deole han Egi on can! t get bigger fhan fhe length 
of fhe semicouductor bar III) 


S43 
IE x Keep increasing the voltage eventua l 
the dep le fion region will の Se 22 と 々 の d when J= di, ) 
As wy bedomes Gm pera ble tur ty di the pr 
june わる behaves ke a se Of resistor 
( the Curent is governed by Me ohmic- contact 
and tue Stu con du cAr- budk で <zS7 み と <c ) 








TET, 


cs, Na +My 


mn 


26, MAtMh 
ge / d Ma Vb í d ) 


Reverse Bjasen PN- Junction TE 





Due Yo the reverse voltage the depletion region 

becomes wider , ond Se does the barwie voltage 
d 

across the joundyen 

Ths means that t will gel harder for ma you faz 

Carriers +o の ss the jun lon but ZE gels 


easier for the maoriky camers to be swept” 
(adrifted ) from one Side de Ha oftar 


d uu su の Is 


>g 


~ : bai C 
Ls domi nade S LFF 


Jf we Keep decreas! ag, the voltage He deple hou 
region becomes wider and nader mr al a 

Cer fan pora] there [s a new Phenomenon phat 
i / Mand Supp ly 444. ch arge caes | 
Ths iS ed breakdown J! 


Cr 2 — Sly 
There are Two mechamem thal wuttibeles Jo toe 


breakdown : 
A ner effect 
X Avalanche effect 


ー ア イデ D^" 5V usually the breakdown is due fo Zener 
effect . 

— 1f |o I> RV h sna lly the を そる ん を の ん ンク 13 due lo 
Avalanche effect, 


vir junctions thal breaks down between 5 and 7 V 
Dën a die we have q combination の Me tre. 


ZENER Begakboww —p occurs when The etechrre preld m The 
deple P'on lager IS る tong enough tp break Covent 
bo nds and gener afe electron- hole. pers 


frman cte BRENK sow M 3 The miners carriers pal 
Cross ‘tha juncden under Th influence Of Tha 2 と の 7 と 
fid gaia enough Kinehe Energy D Ae abk bo 
brea c Covelent bonds ra atoms wil which eg 

æ lli de . 


Foe WARD BIASED PN- jun ction ぶる る 





Dne Lo the forward voltage the deple Fon region shrink, 
and so does the vol tape barrier across Tla jun Mon 
Tms 


A PEIE Fiat it wii be easte for Sl 
Te ty carriers to overtome the barrier and- 


thece fou Cress YA. junion 


buT jt is ‘Tougher the minari ty carriers 
fo be drifted al flu par from one Side Ze 
Ue ofa. 


e eM — C 
JL = Lir Ls — Loree 


Jp; fF dominates SE 


SAS 


Current — (ol ing e relafon ship 


A 
There are Two Coafribwdes t one due To the 
Minori $4 carriers and the ether Yue を A 
mayor: fu carriers. 
The comfy, bute due. Yo the majori ty carrer S 
is tthe old fua Sion Current 
The ceafribufe due To He minor ty carrier is The 
drift cu Ven 
Tt can be shewn thal + 


eg て v/v 
da (toen 24b A Jc oa 


の Mo Ln NA 
i e 
Ne = concentra frou of holes iN the N 
No region (> minonj carriers) 
23 < concen fva on of the. electrons in the 
[VA P region ( leit ta carrier's) 


Dp di ffu sion constant fer holes in the N-type 


Sr LC Cow 

と 。 diffusion feng tt of holes ta The N-type 
ESE 

“Cp average dime. it Takes for a hok (o hfe the 


n-type silicon to recombrne with a majon tg- 
etecfcon 


Diode Caracimnces 
の の と CAPAC ITANCES | 


Deple tron Capaculance 

The deplehien layer Stores 4 charge の た egual amount 
の の eae side of the junchon. —p A+ form s a. 
Capa ovfand 11 | 


dy = 4 ag Np, A = Ber 4 Na xp A 


/ 


d q Na Vb 


F A 


X. 
dep 
Na Vb 
and recahing what we found some Ame cre E 


2 Eee Vat p 
ーー デー ーーーーーー v 


Aj- d rela fon Sg fs not (near | / so thts is 
& nou Unear capaci for HI 


V 


qj ay of Vo 
U- 


5-/6 
Obviously a neat- Copaci fan ce appr nima fou Cue ee 
done i tte device îs set and Inatl 
bra 3 
Sg around the bras perat /s Smak / 
Slope = C, 


d 


ーーー o 


Cy - iod] 
du Te VQ 





Ot ASIA the Jami War pacete | - plate capaci fre 
forma : 























C- Es- A _ と <. A E 
gas = 
bii ーー Wate (qo 
4 Nae Np 
A ーー 
= NUT RC NP MORE 
Z (a m 
V 3: 4 és Gurr ) ER ノ 
A 
" IE us ( Nat ‘Dy - v) B 
4 と < Nae Np る 
A 
g MAD ne) 
ae Nae Np wu) 6 


Ce) 


(Lë 


De dance Ee dandi の Pe 992099 
the CAT er Con cema fra A on change abruptly at 
the Junction boun daag : 

More in generat 


that 


C 


NET 
9; 


whéct mj js called GRADING COEFFICIENT and rts 
Fame Var pe s fom cm to L5 

pending on Phe manner m whith for 
Con cen fra の og ch am ges from th. P fo Vv side 
de Tha junction. l ーー 


Cy 





S.H 


Diff Sion Capa e fance 


A the janetion on The W side we have 


In the vicinity 
Geeader hole concentration than norma Mg exists (—> because 
of diffusion ). 

aan be CobSideved as charge 


This excess hole densi 
Storage m the の の 9 の borhaed of Ste Jun cfTou . 
Simi lar stadden, ent app iy fo クン ガク クマ ルル と の d f fen Se 
fni» the P regon 





mx) | | 
GE \ l Np Cx) c 
= Xp の Xn 


The excess hole charge strived. in fue n région / ゞ 


Given by : 
Qo = Ag. | fi, 69) - Ro ]- Ce - 
2 c= Mr 
= d Jp Ze = Jen p (% リ = Bo £ vv 
2 の ES Jp = 1 E foo (e -1) 
= 1p. ‘Cp a 
JE ne del 
Bale tjes EE 
De: 4 





In a Sim / lar d f 
Oy v ds Sp 


Thc to taf CXCESS (n fori ty CY e chage JE の 
C= tOn = 1, Ze + he, 


Since thr diode current de Zet In Ive EE 
の 7 の と SS The excess charge AS; 


= @ TL 
where C. B cated diode mean メタ クタ ググ hme . 


MEE SR — Ma >> Nh ー ジ Tp >? Ly 


And thus ES de doe 
This solve Thy prebleen of Pout ont one 


Fen Senat changes around a kras perat : 


ie e 
dV | vz の 
d 
の dies cE) za Cr st | ES 
b= uc n = d V T Ve 


a 


—— E EE do 


aa aue found Son pme ago Yak 7 


ーーー 


8 dode ^ e 


jew DOES THE CuppewT-womee REL. Come eut E ME 





js electric feld on ly in The Space -Charpe- 


Thee 
n fian ( between -Xp and Xn ) 


Therefore the regrow frou A fo -xo aud fro 
Xn fo K are guasi neufral Zi 

Fhe- bound. e fhe qua si - neuf rad p-regiau 
iS Al -xp and the hole density. thee 
must be eguak al egue li br um as wed as 


under bras 


The Same i tre for She election densify- 
at the boundary of the guas/-neatral H -regron 


at XA 
can be shown 
C See Muller- Kamins p- SECH 
KE V/V 
pp) = "oe 
9/ Vr 


A, (xn) = p e 


E» garen | that flows thre 7 h eg rea 34A ege 
Secfron X must be cousfant aud has The contri Lule 
af both holes and electrons : 


TE — T 
Li, Tot Tp 
Ly = Ln wily た m LIfe 
le = Sprite + Le, sift 
た WE Consider the guasi- neutral repi oas than 


Since there [S no freta in Those / ら らく 
There will be po Art: 


LR ee In Aff (7^ the npe ad reg lon Wh ) 


-— Ta 


lp x Lp, dite (tn the newtred région Lup ) 


On This basis, the most suitable Tans verse 
Secfions tr Yn evaluator Y The totad turret 
L Diore are ‘Those al tue boundary of the 
dept K on layer coms PE: E Aen 


DE = E e Xp) -- lp (7 Xp ) 


Since the flux of fhe carries is coustaal pm the 
deg fron lay er (> Spm plity ing assump tou 11) 
Tp Cxe) = Je Cn) M 
8 A 
dope = d (-xe ) + le CD 


currents ef the minor fy COMM US 


J 5.19 
Jpiope = Ln dik Op) f Sp see X») 
The diffasron Carrels are en To the Galle of fig 
eirsiribwt?o SE fac canes! 


の Ly, ALL (x) 4 AD, uid C fez electrous ) 


ex 
/ M assume brated drs tri beef) ou 8 H 
Wia B 
ex Wp Wp ETE 


Ur 
dfn | -B On)+ BK) „hes すず fine 











ンク クィ Wa し の 
8 d 
dae f. fare i) 
ax Ma- Wp 
Ki 
hpo = Ne dai 
L 
of x OM Wa 
tho = ne / Ns 


—_— 
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ーーー dÉ D, (e ー7 ) 
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(2 Mae (a) デー (e Zeg? 








DODE と 
Zn the case ed A Llong- 


D JE PE D 
ne 
Ae" DÜ LS 








/ 


Ls 


Å d ! ç mb y] e Äerz 
。 D M / H gd >de Jer ru de / 
と の Be: i 


The diode as a ciraut element TS 


lf one iS dor 


li i g MNA 
lom plex CY Cui € Penal and paper design La e oy 


» rapid Ove E RAG SS S 4 nece SSify — 
WE want fo guickly evaluale various possibi tes 
before comm: Hing To @ suitable erruut Tupolo3 7 

More GU mule analysis can be fest poned- anti Me 
almost fined design AS oblrned —> Pessre^ vw) TG 
the acd af a coumpuler Cr tent analysis Pe FC ARN 


(eg. SPICE ), then 
The accurale ~ |^ . Can d be used To fer ther refine 
( fine- fune ) Y^« design : 

d 


The issue i ef fradeng an appre priale Compre mse 
between Accra cy and complex Ty. 


Di ferent simplified models ef the diode are Common 
Used. 


ルコ 











A 
jdeat diode. 
T 
+ p ん constant - voltage - rep 
[dead diode fraser 
r^ 
o 





~ 


——» て ^ piece-wise. linear 


+ Y ideal diode. Ge 
Ve 






The load Line concep © 
e- 
ae 
Ys +t) A の 


: DIODE 
Ubiobe | id 


nO 






Vee opecahng point 
R Ae 
y ai load line (Slope - 云 ノ 
JL OE の 
We 
1 T 
diode Short diode open 


" ` ^ Vag Udiove 
= Kt + の A e S 
Vog = た Diobg DIODE ~? DIODE e 


NT 


his is Pe equation 
of a fme: — ` 
y= an bx | 





The ‘Wer se chon の the load! ん つと with volt-ampere 
Carachteristse “ the dode 


Gives the peria Vues af voltage and Current 
in the creat. 







This is a general 

€^ Conapl does not 
Apply just for 
diodes. 
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Vaes [I 
Vase 
Visi [e 


chang Ki Lee 











Small signat model 


So far we have „been moun focused on “Sing. 
the ON-OFF behavin of Hu diode. 

da these appli cations usually The applied Signed 
is ルル ング large So the 


models Seen 50 far 
Ace mote’ than adequate | 


J | 
There are. other appheatron where Pu dyode is 
biased か epee at a cerfain point ( be, Te ) 
on the Z-v chamadèrisKe and a Smal ac srgnad 
di SUPE impo d en the de guand Wes 





Ve, 
+ 
Y(t) Ur 
Vi 
5 | a E slope d. 
A EI 
| 22 








When the ated DE) is absent the diede vollage SP 
is egual Ho ` 


W=- ゆめ マー Vg 

and the owode will conducl a We current 
a _ Vb fm Vr "m 
tp = JE dee マー tog 


when the signet qu) is applied the totad 
iStantlaneous iode veltage will be given タク ンー 


a= pt GE) 


corre spondeng ty fhe Zo to [Slana neos Casa? ad 
(の (の will be: 
Up | 4 Ve 


Lp (t) = ts e = 
( Vo [7] Vr) Gy "vr 


€ ーー 


Ua | Vr 
= tre e € 


n 
wN 
rj 
(à 


f (x) = fC) + f Ga) (7e) T fee) (x- x) 


7 2! 
TAYLOR. 
EXPANSION 
ax Z o i a Xo ーー 
る =  @ + ae (x- xo) + ーー 


x 5 


d 
D 


= |+ ^x oT. 


There fre if Uy =O (as re of Mum b fake 
Vr ampli tu S Smaller Than 
j © JO mV) 
\ a 


Ly (t) = "n ` 





ー ア plt) = tre + Ide A 
Gë e KE 
P T 
Tp A4 (も ) 








Mr ん diode small signal resi slance 
っ 一 





2 5 
Incre mento msislènes 
FORWARD B/ASED D/ope Zh 


74 we ale. al bal we p done あと 
A gra p eod. perspective ; "o 


+ 523 


a Legen 





の 





¢ a 


Bag dL Fg レノ uafion of the Tangent 
"o (5536. e de the eeben 


Curve A (Wa, Lam) 
For smal signals we Can reasona btg appro infusa 
the diode 6-7 curve vh ts Tangent: 


い 
pms 
Plante 4 ^s 
whch i$ 

" X ideal diode q^ nai 
6 by " 3200 

ー は Thad we 

P = already みあ oo と 





72e ctreut we have anadij ted. is sal of 
problematic When we want. o sel Lw Ly) 


Fran cado, プイ 7< whal we oe: 





L 


Vort = Rapt G 
Vp + Vg = Rip + vet y bs 
Pond 
(D ent dc 
o e 
と boxer 


a rd 
lop = 


Basically ガン the small 


@ on ly AC y age we model tha dode 
£- P adi Wi sts)  Jhórememfau アベ / ぶ / タ クス / 


i, (KREG 
Pics ta な = id (Rea) 
し _ 一 一 


e: 
ET EE y) + し T o (tu) | 
EO NN” 
ip Se 


So flis epproa ch where we separate ol de world and 
ac wld ( for small signals.) makes sense JI 


DIODE WEN FREQUENCY MoDEL S. L4 
c U FREQUEN MoDEL 


So feac we have あな ん ん nepleclel the diode 
charge Ee ates. 

と 
This iS rea Sona ble. ye when the. sma s ウ ンタ 7S 
we epp have a uen Jhal S rc velg- 
ud f frequengy 

d 
Lf the frequen cy goes up we have To account 
fe QC aud Cy 


AERE oe e ニー 
Tedje 


for Low frequen aes 


C and Cy are open crea FS 


bal for fu gh frequen ees 
G aud Gj becomes Short cre fs Zu 


d 
Tt takes time To switch the dode ON-OFF 
And viceversa H 


Zei 





e (Rectifiers | 


Half wave 








eh of the diodes Ze abou 2V JI 


peak inverse vo (tage 


S29 


br idge rec Tec が Gate) 





PIV of the 
Modes is 
Ahad Vs J) 


Rak Rech her _ (Cfecfi hec y capac が と を fiter ) 


// : 
peak delector (can be used fy reconstrud He 
€nvétope- of an AM Signal) 


Ee T: Je 
p 


o Js 





db In 
do Us 
>É 
T 
we hwe 
Leg ee Sin Re i$ ep 
LEE 
= Vp € 


ducing the discharge —p> Us= 


A 


| 
Y 


AJ an AM signal tr Puis evaaf it 
will : detect its envelope 


5. U 
| Limiters |= Clipping の どの ce/ で 


A + 
` Up 
Us + TA 

Js 
Jo 
Ve a 

p. 
NL am 
+ | 

Us Vo. 
Js Us 


D 
と " E 





うっ - の す 
CLAMPING CIRCUITS | 


Clamping fs a shift の のみ の 2 イ 7 ou of a wawe fnm, 
wher c the amount ef shi ft depends upor Tae 
Actual wave form. 


Je 
ZN 
ーー + 2250 c due 
ten CS 
4 TP dE 
Us | 7 
Though crue | 


Pc RESTORATION | | 





At the beginning the diode îs a short and the 
capacitance will charge Yo a voltage Ug uad 


wo ‘the dude n i 
te H` af the Kee epative peak 


Uc = 一 6 


a 


Subsequently the diede. open and ‘the 
Capa ce tor retains ifs ガス 4 と nde finitely. | 
ipe eed 


EE Voz G- = を -( に = ィ / 


KR 
E o 


More poah cally There will he a load resistance 
Conneded across The diode in a damping uret 





5.08 
[ee zzazez | 


This is andes 


Though avert 
アウ analyze 





Slamper peak detecTor 





at fhe レプ ガリ プン the diode fs a short and {he capacitance 
will charge to a voltage Ue equ aA to Ib. 


yo ve 


sta wit $ "| 


rim 
^ 


Subsequentty after £z when Fhe sine nave has 
reached is peak value and Cr B now charged 
at (と = の the abode open And the capac i 
retain s js vo [fage in ded NEE Ado 

— 


Vo Sio wt SCH FR - V + V, sinwt 
cx 


Ore we Know how Jy, looks b Ke at's dnd": den 
peak defeotre (—> note Mal hee T want E oktet 
A nepatrve peak so fhe direction A The diode dz 


must be properly set Lt ) 
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ZEW ER Dropes 5-21 


A zenerdiode fs a device where the doping is performed D 
Suh a way as か make the i- characlristie in breakdown 
f Eon Vend ach p. 

lk the reverse volge Exceeds the breakdown voltage 

the dede normal will nof be desfroges . 
Che mannfacurer speafies the 


Ac Act nn ta A power thal 
Tha. devices xi m 


fet dissipede ーー Some mes 7244 pve 


divectly tue max current tral He defie can safely 
tolerate P, 


fae almost constant voltage dof Joal fiu diode exhib fs 
in Tha brea Kdourn / ぞ の / ou Suggest thal aA. nadie zi 
appi ead l'en Could be an th design of voltage 
tegulalors. 


e^ 


て も 





nominal zener voltage 
A 
Va -BV 


BENE SYMBOL 


ーーーーーーーー - IBV 


t d 
leng ua Dee hcer usually speefres The “nominal ` 


Voltage across The ttuer V2 ata spec fred 
Test current Tare 


Thon gh the Zur wave rs Very ird fn fha ponte 
Pegi ou it /S nof ver tical ーー it has a cer 7 


Slope d. 


fo 





The Maximum verse curren 7> thal the ener can 


and 13 dependent upon ‘tne design aud constrnction 
E the diode | 


“Th leakage current (Lomi, ) at Ftu Knee ef flr 


Caraduishe curve is Some d me assume d (oZ of ft 
TY 


Lou» Joss. ds whal we 44$» colled rev ) 


in lack of more accu rade deta ti) 


CL LL 
Ie | 

; of " = 
Zts Given a supply vol fage Ynomina ky lo biud マク タイ can 
EACH. by ER IV, 
We want to design a voltage ulalar abt b provida 
A constant voltage of ESV Te a fad KL. 
The load can vary fom OsSsks Tte EKD. 


We have a Zener Speci fred fo have Va=6.8 A 

Jz -£ mf. Ma is abad 5 Q and the max 
turren? fuel th, zener Can wvilhosTRAad. is about 6o mf 
( ZENER. 7 ソラ マム ) 


/n order tv property design As Ciy eeu て the ESTS làn cz. 
F^ mas? be such foal Ta diode slays îr fle 
の クマ ん / vo linge region over The enre r 
of Mpat voltage s and. load impedance ÍI 
VSS inereasing T l 
ss decreasing A | 
/ Ws 


<L 








Va 

Vss- Va = Ret 
Z= Te + Lr gem éi Bee p oe E 
DN 


In og を ty assure Thal the Wiode remains Mm The 
Constant voltage region ; there are no extrene 


Con co yas fe Con レノ の の E 


e The highest carrenC taro gh Me rode の の < バダ 
when ‘the Saer Ce voltage Ss maximum and- 
£L [S KHAKI Mun, (> fne worst Ti Ap thal Lan 
because then AU current supplied I goes roep 


the aby o cle. ) 








baas = Sens = Ve m MM Eon 
fi 
T 
Vismay — Va Va 
2 KR B Riese KL > 


p- 


7 | | 53] 
S € lowest current through Tar drode OUAS when 

The Soura voltage iS mmnimaum and Ke /S 

Minimum (=> 


mesT of Current Sepp lied / os 
drawn Dy Re ) 


Veen Va Ta: 
2min © — pT mx 


し — Va Lë 


— 


E Kb 


Le Le fra, new to sect R based on fre 
nominal | vetaes C —» miermedrade case) bul 

a Sening thal there Ce no [oed (— all 
Curen! provided by the power Supply wl | 
flow Tarongh the zne —p we are ov«-fpessum 
— > jusT to be be on Tae Safe Side) 


(4 hc 


4s = Venom > Rz les — Venom 
K L hom 


| om 


ën = Lo mA 
V2nem = 6.8 ピ nd A [60 sv 
vs = lov 


Lef's new vaifg if tats choice of E will satis fy- 
the 2 extreme situa Nous Jl 


の T> < Bsmax- VE X za mh 
MAX 
E D 


6o mrt so that's Ane / 


O Zo, 2 Sm h | 
E. Rope 
= e aa ES ~ の 2 mA 


(Go 
A 
HERE we hg A problem /! 
(he carem af the knee Ps ahoul Emf (> (eX of 


bo mA ) So 
region DN NN egene 


Ki 
ve ned to lower R l! 
In order to remera fa The Con fail voltage re) on 
we need Yo choose R fn sneha pu Thal : 


LÈ m'u + I 





max 
/ fe 
fr ン Vssmin SS Ve 4$ — 6. 4 ーー 
= a - "a 
f Lonin p Gxdo » £5 
SC の 


L need more 
Current, 

2 Pion current 
Wi low "egen 6 
the Fn er a 


Aa We 
ーーーー ィ アダ 7 s than take R=bpos— ahd ss- chak wad hopen: 
L | 
T Jeg £.8 a 
Q Ioman = $0 oe4 





> ek 





(p EPA = Ig - o. 5 a 42mA 
(00 | 


ー AS. 

Jr order Te evaluate how geel the voltage 

regu ldo he designe d- 
can 


we pmeasuve The Tala/ voltage Su 


5-30 


L'vided 
the nominal wltage ( previded b The (oe) 
PERCENT 0 4% 
REGULATION Vo S 
nor) 


The goal was ん Provide ai nominal voltage of 
ZS te the 


load- 
AV = Yo, ax = Vor, = Ta: Als 
AT2 = dap リラ ルン 
v 42 mA 


p Al, ~ 53.6 mf 
dada = sl mA 


A = Alz G = 33 Cm. Sn = I6 mV 





- ee 


— 


(Gë mV. Ee 7 
kb 6.8 
NOM 





DIODE SPICE MoDdDEL 
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Table 3.3 SPICE DIODE MODEL PARAMETERS (Some OF THEM ) 








s Model Parameter Symbol SPICE Name Units Default Value 

N E Saturation current l Is IS A 1 x 1074 
K X Emission coefficient n N ーー 1 

"2 Ohmic resistance : Rs RS Q 0 - 

Built-in voltage bs E VJ V ` 1 
Zero-bias junction capacitance Cio CJO F 0 
Grading coefficient m M — 0.5 
Transit time ' TT TT S 0 
Breakdown voltage knee) Veg | BV V oo 

Reverse current at Vgg (KNEE lar IBV A I 107% 








Figure 1-15 ‘Reverse characteristic of the real diode. 


From: f ANTOGNETTI, e, MASSOBRIO 
Semiconductor device modeling with SPICE 
Me Gram Hill New York, IIBE 
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How To BUILD A SPICE MODEL FORA ZENER 


ae . u \ Here D, is an 
ideal diode that can be implemented in SPICE by using a very small value for.n (say 
n = 0.01), and D; is a regular diode model for the forward direction of the zener (for most 
applications the parameters of D» are of little consequence). 


of Since we do nol «sua lly use a Zener in Tne forward 
Pe" direction we pet very / le allention m how D2 


/S modded (> default values are frae 2 


Q 

cene UIT ERIS ELTE m Mum 
pi ee i Fig. 3.51 Model for the 
E DAR d E et zener diode. This model can 
LUE Luoma be used in SPICE by - 
PAS defining the zener as a 
subcircuit. Diode D, is ideal 
and can: be approximated in 
SPICE by using n =.0.01. 
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DIODE DESIGN EXAM PIE 5.36. 
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ST 


Sj 








Us ize (Nz ) volt rms 
s —p US ) 


The transformer besides providin E the desited 
vlage TraeSformation se ‘that we nave The. Se 
desi ge と と sine wave amplitude p provides っ を と が 7。 
iSsolanen, (—> TE I have ^ Short at the primary 
the primary winding will burn , bil no damages 
To the electi ou c. equae ent attached at Tha seconda 


will ecce: 〆 ノ 


We want fo design a power supply thal provida. 
A de voltage of nominally SY and thal S abt 
+o Supp ly up to @SmfA Yo The Load. 

The load can range From だ と = 200 一 Soo N- 

We have available a zene of Vy S4 V 
ad Jon» = 20 mA and BZ = 0s. 

_ The maximum currewl Mal Hu tener can stand. 
iS ENPM = Soma (—2 the current through Tie 
nec Should be al least SmA Ye be Sure frat 
WE aœ o The constand vo linge breakdown Eh ou 


Es Lia E lo db ax = らん ) 
ーー 


lel! s stut OUT design. 


he aed is to achieve the specified reguirêmenls 
feds fotas en Tae load 
hbaukmward- block by block. 


on jhe load 一 の se 
and cud with Th Q と 9/ の の 


from the ん ag D the ae bine 


d 


V, = SV de. 
lb ise 2S mA 


と e Ba 


View, = Yi TA = Zoo + Soost 
2 
NE E UNE 


First trivial observation AS that if Z panl a 


Constant vel fa ge. of SV en The Joad 
L need a Bener which has e nominal ner ve Age. 


"Gard to SV — we go Hacaugh ada Sheels and. 
we have been bucky ies Lade, found a ENEL which 


has : 
= Sut V 
Zenon = Zo mh 
2 = [OS 


(Duas = Som, Lmin 


A | d 
mi Af L wawl fo make see foal the 
Zener Is always operating ta FL constant 
が brea Kdown ve [fage Cron the Viren, 
must adw ay s be relatively bv ger : than B 
the Venom ae at least a couple of times 
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Wees, Vermin 
J^ 


Besides Viper / マ fluctua hag en ( if it wes 
hot T would have nol spend — time trying 
How much Is Ptaka” T ole nel Knew) 
bul it's up to me really )] TH depends on 
how good. I am ja filtering after the 

E: on, 
— À' d ka can't Say for SIE, bul 
T am reasonably con fi'dewl that it Shouldn't be 
that org dead to ao d edel tae プア な 27 な < が ons 
Within a couple ef volts —p We'll cress. 
check MN lader 7 と wel@abie te sadis fy to's 
ASSumption LET 


d 


Verse m i = Zei V 


A 


à ^ 
に 6 と ww み xy — Viger 





e SS Lei a RIPE = AV 


(PE と xa K. 2c" Va 

eT. 

Lila = Le + Lamia 
SES 


Bag Abas vant Js. beca bte To supply, 
] up w 2S mA fo the had 


lo = R-30mA+s.i —> RE 3a 





A = E do Vo 
d: ipi: P V Ds 
max = EOM Kee と SS ES 42. m f 
jt 163 


From ner por T of vit The wort Heap foal 
Ge happen (S that the loa ol get un connect ed. 
ees 4 Then AU GZ mA go Hrouph Tha 
Zene —p The wnes can stand up fe Se mA 
$c we are safe D AU | 





Zn normed Cond: hous only, 42-2S = IF 
mA gees through Tu ener ) 


nn 


e "m 
Ve /2 -Si 5-36 
=~ = ees = ETE mi? 
max だ 163 


Banx = Va-Ta € SIV 4294 = 2/4 mh 





Let's now choose cC So tet we can be sure thal 
The ripple stays below 2V (AVEzV) 


AV= eV 





o mE = 


と = ナー EE nii aL. LE. pessim/stic 








e Lmax : 

- |: AV assump ton ` 

ーー "er の Chal me の 7 さと タス / の ど 
if T take C ko — Aast Ye 
the discharge js 
Slow winih de 


The capac Fan Ce cs Lan sure frat 


Overs! zag 
the ripple is クック lo he definitely beller /}] 
と 
ー A 
D , i スン ZOO ; t 
Cx eo zm AL 
2e 


T 
whith Ze rather en JT 
we need an 
electrol: ecd 11. 


At 
ge: の usually bra Copan tances are 
amg ting | but ca-Pa cc tanus 


p 


X = wl — if E 


ど 


when the frequen ig inckeases jt behaves 
Like an fnduclanee 
/ pra head Solutvou 
ge ln joont 
/ S at " 
at low rap, To の 
T go Mod odes 
H's keep the. Controt 
Situation ua | 
|| と og が の と , 
w we are wor kang at bo He 2 there ^S no 
lem. 
we need [2 V. peak al fhe 


p the tansfi me 
Stcondavy so A rape of lZ: V2 y i4 WS 
IZ Ka 


ok I 





Ar 
¢ BATTERY CHARGE 


| 


ke 


i: 
* (C BATTERY | Vg 


We wanl Yo design a ballery charger for a 
ballery of le Vde teal supplies eom «c. 


Js= Vp COS vot 








Vp cos iht, 
cos Gh; = — bey ty = 
Vp ュー マー ン 
A 
e 
Vo — V; 
po "6 
Dopey yz Y= る みて と 
e ka Cos pay = 
SCH = DPEAK " 2 d 





L 


Ó 
と z 
T Ve- V, 2 _ 
Ip rns = 一 SC - S. COS v de = 


O 
a alls 
oC 


e 
ンー ) 26€ + €05 op de ) 





We wari ; _ 
Jet's fix Vp E 
y Y o 
Bep ve Ve _ A —p Atos L -0 = bo = エ 
Vo と Ve 3 

7/3 aie | Mm 

S de +t > Cos zp dp = ee S Lesxdx = 

0 O ^ > 

2 アニメ 
dp = 9x 
ng 7: 

-— i TU E 3 — = 
ge] = c X E d 
"e, B 

To M を 

= RE 

em 2 

JE Eus 43 mem KM ーー と 

1 A har ak ( RY 

ET, Le 

/ の = 0.2 [n^ | L | 

4 TE =p た と 59 A 


7 _ 24 A2 _ 5-2€ 


PIV on The dode, P 
L X 218 mA 
[Z t Z4 Ze 
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SPECIAL TYPES OF DDES 





e Schottky barrier diodes 

| o—pf— 

The Junction owed by a mele and a dope d 

Sem: condaclor cau be ether rech fe ing Se Of. 
( because Lote LK ere ca in carrer oon Cen deng Diet $ 
/ The two materials , A peten Ned barrier 
CA7S7 マ ーー ジー A obmit con facts care iS Takes Yo 
A win ae. Th effect of The barrier ) 

d 

Schotiky diodes are formed bringin Poge tlhe ets 
medad C typically alami nuur or plaBnur ) Anl 
an n-type Sem: Cond. Ugg maderral Cs の co ), 


in Schottky diodes the Ca En iS ae da Aed pe. 
mayo ty carriers (( —h iS means that IS (S 
no chan e-Simape effect due to the rnor fg 
Carriers ーー a schottKy drode Can be 

Swittud en- eft faster ) | 上 

The reason why The denl is oude Led Py- 
maja ity CAN LCS (S fhad da th metak 

there ave oilabk numerous electrons f 


jhe forward vo lfnpe drop of sthot ky odes 
iS smaller O03<OSV , and The reverse 
Saturation current FS hola her 


Schottky 


っ た 


し 






6 VARAC TOA 
A vatam Ba diode 
PP speci really manufactured- 
to be used as velfape 
Vari able Ca paca to e 


Bc biased pn junction exh: bk 2 cer FON . 
capaa tance thaT is Junction of the applied voltage 


Öja Oo 02 
(re SI 
d 
Jo [m Vr 
Cy = Fr ; 
Ve 


USna they 2 で U | 

ーー の f: be Towing through p wr the 
and I can get a bigger AC co en d ai | 
depletion region (> rather tha trying do shes Alc 
(t app ying A for ward bias A 
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o Photo dodes 


IF e on pn | ノ と の の の っ の [S ifla minated 
The photos jm pachag tae junction Cause co velent 


bonds o break , And flys electron hok paars 


are. gen e ad t (— wh ich {Adu ce Current ) 

Photo ho des Are usally fabricated ag GaAs . 

A photodiode Converts Laht to electrical クダ ググ 

( 一 gag the photodiode. | an forward bias 
we have a4 solar- cett. —p photodiodes for 


Solar cells are ん 3 み ッ グッ fA br coded. from rather 
cheap silicon ) 


クン ip = 4q" 
WW 7- quantum efficaency 








ーー ip = electron charge 
e の = photon flux density 
| ( protons / sec . em) 
Voss A = junction area (c) 
hi PA 2 light iaTensi ty 
( photons / Sec ) 






in creasing il umina Dou 


Common application —D oph'ca4 fece vers 


0 Light em: thag diodes (LEDs) 
tal 


p 


PD LED perfi s Yn. inerse of Taa Jund ou 
of th. phofodvode s (Meetic energy ) 
Jt converts a forward current の みな Light. 
The baht Emi Heo bu a (ED yy pro porfa cat fo 
TI そら っ の と of re cour らち / み る スプ 7 っ らく thal fake pace 
and There fru is preporty gn af To Jha current in thee 
Lod , 

Y» 
When an hectron fall from thy condaction band ialo 
a hole give up energy in The prim of light 1! 
Gafts emits light waves afa wavelength near {he 
Infrared pand . 7» duce Lh o Tre ワウ マタ て 
(anpe; Go. P (gallium — phosphide) mus] he mixed- 
Sch DES GAS, 25 ERROR ON TEXT Book 
P. 144 
ae aw alae ae. 
Vy /s equivalent 6 .s 
the color ef fre ght 
T 










Vy = ルター ンク クマ ど 


LED are used in forwad-bias ! 
LASER = LED designed So as ve produce coherent Wight 
d verg Naou Land wi olla ) 
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OPT ISOLATOR = ca | 
en | 
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